Abstract-Three-Dimensional electromagnetic numerical modelling is used in inversion problems, commonly for determining the distribution of electrical parameters such as conductivity or permeability. This type of problems is a non-linear and ill-conditioned problem needs two phase resolutions: the forward and the inverse phase. In this paper we describe a numerical approach to image the electrical permeability distribution within a given object from a non-destructive evaluation signal. We have solved the forward solution using a three-Dimensional T -Ω formulation of Finite Element Method in order to determine the magnetic field and a classical Gauss-Newton algorithm with regularization to solve and stabilize the solution of the optimisation problem. The permeability of the object is assumed to be linear and isotropic. Results for the permeability imaging have been reconstructed using synthetically generated data.
INTRODUCTION
The reconstruction of the electric properties (permittivity, permeability or conductivity) of unknown objects, with three-Dimensional electromagnetic numerical modelling regarded as inverse problem [1] [2] [3] , became target of much research in the last decade. This topic is up-to-date and it requires a great deal of intention to be paid both at the basic research level and at the level of techniques to be applied as well as results to be achieved. Many non-destructive techniques are used in medical, industrial and geophysical imaging [1] [2] [3] . Consider the example of Magnetic Induction Tomography (MIT) or Electrical Induction Tomography (EIT). This type of problems is a non-linear and ill-conditioned problem needs two phase resolutions: the forward and the inverse phase. Finite Difference, Finite element and integral equation approaches are the most applied techniques in forward resolution [4] [5] [6] [7] . This paper describes a numerical approach to image the electrical permeability distribution within a given object from a non-destructive evaluation signal. Based on the techniques of induced currents (Eddy-Current Techniques), this technique falls within the framework of tomography based on Magnetic Induction Tomography (MIT) and consists in determining the electric parameter of the object of interest the distribution of permeability is a case in point. Here we shall follow the measures of impedances within a pair of coils ( between an emitter and one for detection). Starting from the measurement of tension in the reception coil, we can determine the electromagnetic field which had already scanned the object of interest. By using a method of an electromagnetic analysis, we can determine the magnetic field that contains information about the distribution of the parameter previously aimed at. We have solved the forward solution using a three-dimensional T -Ω formulation of Finite Element Method [8, 9] in order to determine the magnetic field and a classical Gauss-Newton algorithm with Tikhonov regularization to solve and stabilize the solution of inverse solve.
FORWARD FORMULATION
One variation of Finite Element Method in 3-D (FEM-3D) is the T -Ω formulation [8, 9] which consists in expressing the magnetic field H according to the potential current vectors and the potential magnetic scalar Ω. Accordingly, we model the potential current vector T by Edge Basis Functions, the potential magnetic scalar Ω. The use of two types of basic functions (Edge and Nodal), simultaneously, in only one hybrid formulation makes it possible the efficient determination of the magnetic field and consequently the induction voltage of the detection coil. The T -Ω method for 3-D eddy current analysis arises as follows: The analysed region R can be divided into the current free region R 0 and the current carrying region R c . The quantities of the fields derive from potentials are expressed by:
The rot T 0 is a current density yielding the prescribed total current in R 0 , and The curl of rot T is a current density yielding current carrying region R c . Using the Maxwell's equations and the complementary's equations to express each element in Equations (1) and (2), we find the following equation:
Then, we apply the boundary conditions of Dirichlets or Newmann to the vector potentials and scalar potentials, and we approximate the potential vector by Edge Basis Functions and the scalar magnetic potential Ω by Nodal Basis Functions (Equations (5) and (6)).
where t k are the line integrals of T along the edges and Ω k the nodal values of Ω (n) .
Setting (4) and (5) into (3), apply Dirichlet and Newmann boundary conditions on the vector and scalar potentials and using the basis functions Ni as weighting functions, the Galerkin function to resolve is:
After the computing of the magnetic field by the T -Ω formulation, we start the calculation of the tension induced in the receiving coil.
INVERSE SOLVER

Algorithm
We denote by V m the vector of measured voltages, and F (µ) the vector of calculated voltages with forward process. The inverse problem corresponds to an algorithm of optimization which makes it possible to calculate µ with an acceptable error. The regularization is the fact of introducing information as a preliminary to this algorithm and that amounts minimizing the following quadratic error function:
where α 2 L(u) is a term of penalty. For a judicious choice of L(u), we will have a critical point which will be a minimum corresponding to ∇f (µ) = 0. We solve this minimization problem by regularized Gauss-Newton method. This minimization leads to linear steps, each of which is the Tikhonov regularized solution to the linearized problem. The equation to solve in each step is:
where: J n is the jacobian calculated with permeability µ n the regularized matrix L is a difference between neighboring pixels. We take L [2, 5, 11] as a first order Laplacian operator in discrete form approximated by finite difference. L(i, j) = −1 for i = j when two elements sharing one node and
L(i, j).
The algorithm starts with an initial permeability distribution. We compute the calculated voltages with forward solution and we compared with predicted voltages. The permeability is then updated using the jacobian matrix. The process is repeated until the measurement data agree with the calculated voltages.
Computing Jaccobian Matrix
The jaccobian matrix (J n ) is the matrix of discretization of f in the step n. Each column of the jacobian matrix is the calculated sensitivity term for an element for all measurements. The general form of the sensitivity formula [2, 5, 10] when coil "i" is an excited and coil "j" is a sensing coil, by ignoring second order terms is:
where the left-hand side is representing sensing and excitation by surface integral on surface Γ and the right hand-side is the volume integral over the perturbed region R. H i and E i are the magnetic and electrical fields when coil i is excited, i = 1, 2. the formula relating to sensitivity of permeability is: 
RESULTS
The model of simulation we chose was constituted of a cylinder A with permeability µ 1 =3 Sm −1 in which we put another cylinder B with permeability µ 2 =4 Sm −1 . the two cylinders to be explored, A and B, have a length of 100 mm. The diameter of A is of 100 mm and that of B is of 50 mm. The set is surrounded with 8 induction coils of cylindrical form as indicated in Figure 1 . Each one has a length of 10 mm and a diameter of 50 mm and formed of 20 copper wire turns. The T -Ω forward solver is carried out with COSMOSDesignSTAR, and the image reconstruction software is written in C ++. The overall number of tetrahedral elements in forward model was 59386 with 10200 nodes, 70242 edges and 119439 faces. The region of interest (Cylinders A and B) which was used in inverse solution included 3888 tetrahedral elements. The simulation frequency is 5 kHz and the measured tensions are replaced by the tensions calculated by the forward solution for the true permeability of the cylinders which we add 2% of their values as noise and error of measurement. After 6 iterations, there is a convergence between the measured voltages and the computed voltages, the average quadratic error is under 8.02e-05 (Figure 2) . Figure 3 shows the reconstruction image of the device. At the sixth iteration we have a good result and the image is reconstructed but not yet at first or third iteration. 
CONCLUSIONS
In this article, we presented a numerical approach to determine the electric distribution of the permeability of a given object starting from measurement of a nondestructive signal. 3-D T -Ω Formulation of Finite Element Method was used to solve efficiently the forward solver and classical Gauss-Newton algorithm with regularization to solve and stabilize the solution of the optimisation problem. In next work, we will study the influence of the presence of several objects having different permeabilities on the performance from this approach, also we will try to improve quality of the image of the explored body.
